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METHOD OF PROVIDING POLYPEPTIDE PREPARATIONS WITH REDUCED 
ENZYMATIC SIDE ACTIVITIES 

5 

FIELD OF INVENTION 

The present invention relates generally to processes of obtaining preparations of 
polypeptides having a low content of undesired enzymatic activities (side activities). In 
10 particular, the invention provides a simple and convenient process whereby the level of such 
side activities can be reduced significantly or substantially completely inactivated in crude 
and more or less purified polypeptide preparations such as preparations of aspartic 
proteases including chymosin species and microbial aspartic proteases. 

15 TECHNICAL BACKGROUND AND PRIOR ART 

A large range of polypeptide products including enzymes and pharmaceutical^ active 
products are currently manufactured and made commercially available. Such products may 
be derived from a variety of sources. Thus, they can be derived from extracts of plant, animal 

20 or microbial cells naturally producing the products or they can be manufactured using 
appropriate recombinant microbial host organisms producing the desired product(s) either 
being accumulated intracellular^ or excreted into the cultivation medium. In any case, the 
primary crude extract or medium resulting from the cultivation of the recombinant organisms 
normally contain, in addition to the desired product(s), a range of undesired enzymatic 

25 activities naturally produced by the source organisms or the recombinant host cells. In 

certain instances, an undesired enzymatic activity in a cultivation medium for a recombinant 
organism is derived from the fact that the desired product is produced as a fusion protein of 
the desired gene product and a fusion partner having, in relation to the final product, an 
undesired enzymatic side activity. 

30 

It is therefore a continuing concern for the industry how to provide polypeptide products that 
do not contain undesired enzymatic side activities or at least have a content of such activities 
at such a low level that they do not restrict the applicability of the polypeptide products for 
their intended purposes. 
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One illustrative example of such a problem is the that facing manufacturers of milk dotting 
enzymes, also referred to as rennets or coagulants. Milk clotting enzymes, which belong 
to the class of aspartic proteases- are widely used in the cheese manufacturing industry to 
provide a curd of the major milk proteins, the caseins. Commercially available milk clotting 
I 5g»te^nes include native enzymes* derived from macrobiafcspedesor animal tissue sources 
T stomachs, or such enzymes can be provided as gene products of recombi- 

; \ nant cefla expressing a heterologous milk clotting enzyme of animal or microbial origin. 

The industrially most important milk clotting enzymes of animal origin are chymosin and 
10 pepsin. When produced in the animal gastric mucosal cells, chymosin and pepsin occur 
S^^^^S? 0 ^ inactive Pre-prochymosin and pre^p^pge^j^ect^^When chy- 
~ ^ ^^S^Ts^fere^, an N-terminal peptide fragment, the pre-f ragment (signal peptide) is 

-cleaved^off to give prochymosin including a pro-fragment. Prochymosin is a substantially 
^^TT^fw^fprm of the enzyme whicfe, however, becomes^activated under acidic conditions to 
t&^t^ artiw chymosin by autocatai^tic removal of the pro-fragment This activation occurs in 
e ^^»^^^,ga^ric lumen under appropriate pH conditioner in vitro under acidic condi- 

^^SSSfSSt^'- dotting enzymes of bovine origin havebeen marketed In thetomr'of ex- 
. jO;^ac£roistomadi tissues. However, bovine chymosiais-increasingi^being manufactured 
j'^ ^^^Waft ^uaino recombinant DN A technology, e.g. us^filarnentoos fungi such as As- 

: ^P^M^P^G 3 ( see e -9- Ward, 1990), yeast strains, e.g. of Kiyuveromyces species, or 
s, e.g. £ coll as host onanisms. 




t^g enzymes of microbial origin are currently in commercial use in the dairy in- 
_^^ft^efollowing, such enzymes are also referrect to as microbiaf clotting enzymes, 
^THcrobtal rennets or microbial coagulants. Examples of ^such enzymes include aspartic 
^^QiMses natively produced by the filamentous fungakspeties. /?/?Zzomucor miehei and 


and protease naturally produced*^e1img^^ 
Enzymes having milk clotting activity are aiso^produced naturaiiy by other fun- 


including Rhizopus species, Physarum species and PenkxlUtwi spe<xes r and 
}^Bac///£is species. 



^^^fa^^irrently applied processes for manufacturing^ commercial rennet products 
Include steps of recovering the active enzymes from crude extracts or microbial fermenta- 
tion media, followed by one or more purification steps. 


,S JZ M one example, WO 90/15866 discloses a method lot recovering and purifying 

^ di^c^n fronv an aqueous solution which includes the addition of polyethylene glycol and 
an inorganic salt so as to form a Iwo phase system whereby the chymosin is concentrated 
" J - r p ^^fi^ie^fi&ph^e and cell debris tend other impurities irrthe salt phase, followed by 
-recovering the chymosin-rich phase and isolating the chymosin herefrom 
- ta^ c^mjmatographfcalfy. Such a muiii-step process, however, is associated with several 
' ^''^ Is labour intensive and the:use?df salts andPEG adds to the 

- pro&ictipfv cost (ii) the use of PEG requires strict measures to be taken to remove this 
* : T ^^ubstanceanct (iii) the use of large amounts of salt represents a significant pollution 

pppbteni. Furthermore, and importantly, the enzyme preparation obtained by eluting it from 
^^*f^#ogr^>hic column may have an undesirabiyAij^corit^^^ 
activities requiring a further sep^ffiation step, e.g. chromato gi a p hy-to remove these 
undesired activities 



Attempts have been made to develop a simpler procesafor recovery of milk clotting en- 
fmn crude aqueous media. Thus, WO 95/29999 discloses the recovery of chymo- 
«one-step chromatogrejphy process avoidtngithe useofcJJEG and salt 


^cteone-step processes frequently resulfein imsaiisfactory yields of milk clot- 
|#ng enzyme, in particular when the conductivity of the crude preparation, such as a filtrate 
fermentation medium, that is applied to,th^chix>f^togiBphk^coiuii¥) is high* 
Another very significant problem associated with such processes is that also in such a 
43rocess, the eluate from the column may have undesired enzymatic side activities and 



is based ort the surprising cftscavejy tha%und^*fed er^ ao~ 
•tide preparations can be reduced or^ikninated by a very simple process 
^p^™^ the preparation to low pH for an appropriate period of time without any 
concurrent inactivationi of tiie active polypeptide contained in the preparation. 
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This achievement has made it possible to develop aa efficient, cost-effective and less 
polluting method of recovering arid isolating active polypeptides in a one-step chroma- 
tographic process from aqueous media in the form of preparations not containing unde- 
sired levels of enzymatic side activities 


a^CHS«UWIBY OFTHE INVENTION 


Accordingly, in one aspect, the ini/ention pertains to a method of providing a polypeptide 
10 preparation having a reduced coittent of undesired enzymatic side activities, the method 
l ^ comprising the steps of: . . 


(!) providing a medium having a pH of 2.0 or higher that comprises at least one desired 
^fxalypeptide and in addition hereto at least one undesiredenzymatic side activity, and 

j(fi)^sirt>i^ng said medium to a pH of less than 2.0 foMuperiod of time that is sufficient to 
if inactivate the at least one enzymatiasider activity. 

|g^^^^p^as^rt,there is provided ajnilk dotting composition comprising an aspartic 
20 protease provided by the method! of the invention, said composition essentially not having 
enzymatic side activities. 




OSURE OF THE INVENTION 


ve of the present invention to providsua method whereby a preparation 
§g|a biologically active polypeptide having ^ reduced content of undesired enzy- 
^mrtfc^^l^cj^ties can be obtained whilst at the sarne^time substantially retaining the 


^i^i3log^^6^ ci^\e polypeptide. 



^ ^context, the term "preparation containii^jsai&c^^ 
siAjany preparation containing a desired polypeptide which ia manufactured and sold 
^ purpose,: the term n polypeptide^erKX)mpasses peptides of two or 

i.e. the term ehcompasses moieaites^ia^^:^c^mf£^ referred 
opeptides of ptroteins. The term "biorbg^^a<^e^ to include 
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■- ... „ ^any detectable activity that can be detected in in vitro systems and in vivo in both 

prokaryotic and eukaryotic organisms including higher organisms such as animate and 
plants, Thus, the term refers to eJg. antimicrobial, pharmaceutical, immunological 
(antibodies or antigens) or enzymatic activity. Additionally, as used herein the term 
5 ^preparation 11 includes preparations in any form that is suitable for application or 

administration of the preparations, such as dry, semi-dry and liquid forms including e.g. 
^4saispen^ or emulsions. 

. It is r as ft is mentioned above, a aommon observation that preparations containing one or 
1(T *rf»bre desired polypeptides including raw materials and intermediate products used in the 


^ ^^-^s^# ^ 3 T ? rfflna, products containing the polypeptide has aiCbntent of unde6ired en- 
-zymatic activities, also referred tq herein as side activities. In many instances, such side 
activities have a detrimental effedt which is exerted upon application of the desired poly- 
^ example hereof* preparations otenzymes produced by extraction 

Z:)$5£3tom the tissues of higher organisms or produced byxultivation of microorganisms, f re- 
. vqu^^ contain minor amounts of} undesired enzymaticactivity. E.g. when milk clotting 
if Tx ^^^ty** 1 ^^ both animal and micrbbiai origin are produced using either organisms 
5; /:f naturally^producing such an enzyhne or using recombinant host microorganisms having an 
■f^jf ; inserted gene expressing the milk dotting enzyme, the produdng strains produce a range 
I 2^ i^such ^de activities as described in the following- These side activities may restrict the 
" ^^^^^^pl^PPriMllon for the milk cloftting enzyme and it is therefore common to set 

^? rrtent °* s ' de activities in such products: which should be met 

"-'"'V- ~ "1- ■ i * - 

"1|r3*§g|^^ enzymatic skie activity" as used herein refers to any enzymatic ac- 

^2S5^tivity» the presence of which in a polypeptide preparation is undesired for any reason such 
^ ; ^e« <^ment^^rto^ effects occurring upon appljcatioctor administration of the polypep- 
~: r tide preparation. As examples of such effects can be mentioned degradation of valuable 
; ^COTqx^ents in a food product and immunologically adverse effects upon administration of 

active polypeptide. Undesired enzymatic activities encompassed by 
-iwntion include as examples protease ac&vily,^ 
^#^^^^^^^d^^|tc^ty, lipase activity, ceKutase activity, lactase activity , hemicellulase activity, 
s^^Utcpamylase activity and phosphatase activity. 

■ mMufdcturing of commercial polypeptide preparations the enzymatic side activity 

f ^^sto^laitls may be met by subjecting the products or the starting materials herefor to ex- 



>tePish/0 purification processes which, however, in addition to the coste involved frequently 
implies toss of yield of the desired polypeptide. 


In accordance with the method of! the invention, the levet of undesired side activities is re- 
5 duced or eliminated using a very simple approach, i.e. fay subjecting a starting material, 
r^Werrpediate material or the firial product having a pHr2.0 or higher that comprises at 
- least one desired polypeptide and in addition hereto at least one undesired enzymatic 
* sWe^io^ty to atreatment whereithe pH is adjusted to less than 2.0 for a period of time 
^ftat is stjtfficient to at least partially inactivate the at least one enzymatic side activity. 

^^^|^^^|^a^ent can be carried out using any surtabi^organic or inorganic acid, the 
use of which is compatible with the desired polypeptide and the applications herefor. A 
roon-Rmrting range of such adds include lactic acid, acetkracid, citric acid, HCI y H 3 P0 4l 
^andHaSb^ 

-■v - . " ^ ' - 

irr preferred embodiments, this treatment at low pH results in that at least 75% of the ac- 
^AjfM ^kteastone desired polypteptide is retained aftetsubjecting the medium having a 
L of 2^0 or more to a pH of less sthan 2.0. More preferably* at least 80% such as at least 


- |85% and most preferably, at leasft 90% T e.g. at leasfc95% of the activity of the desired 
» is retained. 

. ; ^PrefeaWy, the method of the invention is capable of destroying or inactivating^at least 

^^c^aacfeoty of at least one undesired en2ymatfeactivity : piB^ polypeptide 
^preparation. In certain instances & lower degree of inactivation may be fully acceptable if 
2S^ttite|iowerdegpe of inactivation results in that the final product meets the standard speci- 
: -j^oafions^for the: particular side activity/activities. Mor^preferabiy, at least 60% of the side 
^ J^Kpv^^snac^ivated by treatment, such as at least :"Za%^80%. or at least 90% of the acti- 


1 enzymatic skie activity. 



ri(r cectated that any starting material or intermediate,materiatthat ia applied in 
manufacturing of a preparation containing a desiredtpolypeptide as well as the final 
can be subjected to the treatment at iowpH. Typical examples of such 



that are treated in accordance with the invention ir^ude-medi^^ 
.^^nAiyati^pf a microorganism th&t during its cultivation.produces at least one desired 
.^:*Ea^5.*A*Lji — ^ at least one undesired enzymatic sideactivity as defined herein, in ac- 



cordance with the invention such imedia to be treated include media derived from cultiva- 
tion of animal cells, plant cells and microbial cells including cells of a bacterial species 
such as a gram negative bacteriaii species including E.coli and a gram positive species 
including a Bacillus species, a yeast species and a species of filamentous fungi. 
y^^^^^ *Aich can be treated by the method of theJnvention indude media derived 
from the cultivation of ceils of a yeast species selected from Saccharomyoes cerevi$iae l a 

: methyk^rophi^yeast species indbding Pichia pastoristttd a Kfyuvervmyces species, and 
mecBa from cultivation of species iof filamentous fungi such as e.g. Aspergillus species, 
Cryphonectria species, Fusanu/wspecies, Rhizomucor species and Trichoderma species. 
10 -The unctesired enzymatic activities in such cultivation media are primarily enzymatic side 

^^aqAMestliat are produced naturtilfy by the produc2k>ms!rain forrthe desired polypeptide, 

: ^ € ^ v ^f / in specific embodiments, the undesired side activity is derived from a fusion 

^partner for the desired polypeptide 



With the invention, tthe medium as defined above is subjected to a pH in the 
rarige „crf 1 ,0 to 1 .99 such as fifths range of 1 ,5 to 1 .99 or in the range of 1 .7 to 1 .99. in 
nts, the treatment is at a pH of about 1. a 


llieiowpH treatment according 16 the invention is made Jot a period of time that is re- 


20 quirectto inactivate the side actfvfty/activtties to a desired leveland that does not inacti- 
£ vate the biologkal activity of the desired polypeptide unacceptabty. Typically, however, 
^^zsx^B^SSj^sd treatment period is vtithin the range of QJ. minutes to 48 hours such as a 

range of,1 minute to 36 hours including the range of 10 minutes to 24 hours. Those of skill 
babble jo read^y dmeMrmine, for a partkaJaiipoi^ the ap- 

treatrnent period using standard methods focassaying^ enzymatic activities and 
--■ -? %Wdq^cal activity of the desired polypeptide. 



^ .4 la one particulariy interesting embodiment, the preparation being treated is a preparation 
^^^^iwd^fe^ *~~»^j C protease activity. As merrbtmed above^the^ 

' important milk dotting enzymes that are widely used in cheese manu- 
iingiy, media whibh are treated in accordance with the invention include 
Ijfrom the cultivation of a microorganism that during the cultivation produces 


^ an aspartic protease and at ieastione undesired enzymatic side activity such as a medium 



torn the cufth/atiorii of a microorgantsmithat naturally .produces the aspartic 
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protease or a medium that is derived from the cultivation of a recombinant microorganism 
that has an inserted gene expressing the aspartic protease. 

Notvrecombinant and recombinant microorganisms that are useful in the production of 
S ^aspartkrproteases include bacterial species and yeast species such as those mentioned 
above. 


Spectesiof filamentous fungi are also widely used for the production of milk dotting aspar- 
tic proteases and suitable filamentous fungi for that purpose include species of Aspergil- 
10 ; Jus* e.Q^y\$pergtllus oryzae, Aspergillus niduians or Aspergillus niger ^ including Aspergillus 
^^~^^^vamorL AdcStionaily, strains of a Fusariumss^A^^gs&^a^mx^^powm 
& <fia.J&izomvcor species such as Rhizomucor mieheior a Trichoderma species in- 
eluding Trhhode/ma reseei and ^trains of Cryphonectriet species including Cryphonectria 
parasitica can be used to product milk clotting enzymes. Accordingly, the method of the 


ivention is used for inactivating side activNiesi^ifie^ of 
such fungal species. 


?• S^^tepaifi^Hr e«*odiments, the desired polypeptide in the preparation obtained herein is a 

~ > W' 1 * ^KidBtibn telheaspartic protease^activity, at least oneundesired 

> ; ^ 

. ^ „ - .. - - • - 

l^^lR^dpttlance with the invention, :the desired polypeptide in the preparation that is ob- 


ltoned %an aspartic protease derived from the group consisting of an animal aspartic 


^ . . *9 a mammalian jaspartic protease induc^g prcH^yTTK>sin, chymosin, 

25 ^pepsinogen and pepsin, a plant aspartic protease anda/miccobial aspartic protease. 
* titan aspartic protease dan be derived from any mammal species such as a 



imminent species induding a bovfrie species, an ovine-^pedes* acaprine spedes, a deer 


g^||S|^^e^abuffelo spedes, an antelope spedes ancfcagiraffe.speoies, a Camelidae spe- 
feg Camelus dromedatius r a porcine spedes^-an £ qu/cfaespeciesand a pri- 
uAs it is mentioned above, a ODmmonlyMsed milk,^ prepara- 
extracts of stom&ch tissues of mammais^tut^^ produdng a milk dot- 



According^, the method of the invention is applicable to such 
lauding preparations of aspartic proteases derived from a naturally pro- 
^parti<j protease by the addition or deletion of one or more amino adds or substi- 
^-^ggjg or more amino adds herein. 


Jt Is a further objective of the present invention to provide a milk clotting composition con- 
sisting of a preparation comprising an aspartic protease provided by the method of inven- 
tion and which essentially does not have undesired enzymatic side activities including 
such activities selected from glucoamylase activity, lactase activity, starch degrading en- 
,^^g^ac|ivity, protease activity, peptidase activity, phosphatase activity, lipase activity, 
>r-j3SJ^*F? i ^ and hern'ceHulase activity. Such compositions may, in addition to the ac- 
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nent contain one or more additives as conventfonally used in the manufactur- 
ing of preparations of milk clotting enzymes (i.e. coagulants or rennets} derived from ani- 
tnal or microbial sources. 

lgSj£? n ^ now b« further explained in the followir^, nc«-limftirtg;exanTples and the 
drawings where: 


: f " "^S- iUus&ates the inacttatfion <$ glucoamylase activity in a. fermentation medium for As- 
^iS^ite^gttu^igarjm. awamori expressing bovine chymoainat different pH values, and 


|5^^^^ s ^ ows the inactivation of Sfgma giucoamylasealdifferent pH values. 



"inactivaGon of glucoamylase iti a recombinant chymosin prepwati 


[cm 


. 1*^.4 



A3Ktcate<ferivectfro*i1he cultivation of:abfe£om^ 
mva§^warm>ri expressing a prochymosirngiucoamylase fi^ion protein was used as 
^i^P^^^^^" 1^- Strate was obtained from an industriatfenrrontatiori process by 
S >U :*^fifyin§ tfie cultivation medium after completion of the fermentation to inactivate the 


followed by sepalating the biomass by^filtration. 



^ ^ d ^ a P H °* contained 3;fci^U^ 

iflbi^uctivity of 1 9 mS (1 GAM unit is defined ^theimo^^ hy- 
S r - ^iys^starch by generating 1 glucose per min under the below standard conditions). 

acth/ft y of * e fl'^eSe was 98,5 Intermtia^iatt^ 
iS^^- §^ r *?: te$tln S. foe filtrate was diluted 5 times .with distilled water. As a control, a 
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commerce preparation of pure glucoamyiase (GAM) derived from Aspergillus niger 
(Sigma No. A3514) was includedras a solution containing 0.05 mg/ml distilled water. 


Each of the above test solutions were adjusted to 8 different pH values within the range of 
•^92-7: (2,76, 2.36, 2.03* 1,80, 1.61, 1.48, 1 .3ttand .1 .15, respectively) and incu- 
Dated at room temperature for abfuut 20 hours. Following this incubation, the GAM activity 
was measured using a solution of starch (e.g. Merck Art 1257) prepared by dissolving 1 g 
- fart 00 *rnf(E1 5 M acetate, pH 4.5 ia$ substrate. For the assay, 500 pi of substrate solution, 
preheated in a water bath at 40°C, was mixed with 500 fil of enzyme solution to be tested 
^ Wp^^i^ature incubated for 20 minutes at 40°(X The reaction was stopped by the addi- 
x -;^mmf^^^3Fia'Qi3 M Tris. The amount of glucose formed was^determirred by mbang 200 \i\ 
^^-vc^-^ch^of the reaction mixtures and 200 yd of a glucose^standard containing 91 jig glu- 

cose^nl with 5.0 ml GOD-Perid reagent (Boehringer Mannheim 124028) reconstituted as 
r^^oommended by the manufacturer. These mixtureswere incubated at room temperature 
^lf^4QNm^utesifblfowed by measuring E$io using a spectrophotometer. 


^-^toresylte, which are summarisfecf in Fig. 1 (fiitra*e^arKf^(SfOT»€M*«) T demonstrate 
^^M^ W^pos^Ae to inactivate a substantial part of the-GAM activi^ in the crude 
-^^chymosi^^ preparation Jby subjecting the preparation ta pH lower than 2.0. 


> ' Inactivatfon "of enzymatic side activities in a filtrateof fermentation medium of a 



tchyrnosin-producing Aspergillus /i/gervar. awamori strain 


^ ^The starting material for this experiment was a fresh, feimentate of Aspergillus niger var. 
.^uttani^ with a plastnid expressing a pnx&ymc^in- giucoamyiase fusic^ 

proSin.^fhe fermentate contained a milk dotting activity of 157lslMCU/ml f pH 5.59. 

|to,J^tested in the experiment were prepa^cM^fdfcs^loiOKKml oHhe wide 
S ; fc^fenHerrta^ of 100% acetic acid (0.9%) was added and pH was adjusted to 2.5 by 
^^^p^^^cc^Dentrated suiphurib add (5 mi), A 50 ml sample was^vtthdrawn and pH 
1 ^ ^|^irtherad^st»d to 1 .8, 1.7 and 1 *6, respectively, and a 50 ml sample collected at each 



^0 ml of fermenteite before pH adjustnfcr&wa&usecL 
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Each erf the above samples werecentrifuged at 3.000 rpm for 10 minutes and subse- 
quently filtered using a prefilter followed by filtration through a 0.45 fim filter. The samples 
were left to stand at 4°C for about 21 hours and the pH of each sample adjusted to 5.5-6.0 
to stop further reaction. 


E^owig&the acid treatment, the respective samples were assayed for residua! milk clot- 
: ^^^^^accp^ng to International JDF Standard 157A:1997 and for the following en- 
zyrrabe'side activities: GAM, leucine aminopeptidase (LAP), amylase, cellulase, acid 
i; ; ^P^f>ft#ase and protease activity, respectively. GAM, activity was assayed as in 
10; Example 1. 

The LAP activity was assayed using Leu-p-naphtylamine. as a substrate, which, in the 
presence of LAP activity, releases p^naphtyiamine whioh Is converted to a blue azo dye 
;^^^^eficting.lt with NaN0 2 resulting in the generaiion ^ a diazo-Teagent-which in a 
15 subsequent step is reacted with M-[1-naphty(]^y|enedlarrHne to obtain the blue azo dye. 
J?^? 0 ^**' t 25 $ of sarnpie arid 125 pi of LAP substrate is reacted for 1 hour at 37°C 


terminated by^acMllion of 125^^^ N is 
llg3|f^^ the LAP activfty^eter^ curve. 



lit is defined as the amount of en7ymmf^ee^^%tnk^ of ^-naphtyla- 
20- ntee from Leu-g-naphtyiamide p*r hour at 37°C and nH7A. 


.,. - 49*^:. . 

«*Amytese^ai^vity (1 unit defined ag the amount of enzyme releasing 1 umole of reducing 
^ggpie*^ 1 ^*^ as nraltose-peifrninute^under *e r^tow cximttions) was assayed using 

;^3fubfe ^irch (Merck Art 1257) as the substrate at a corK»ntratk*of 1% in 0>I5 M so- 
^^^ftmacetate, pH 4.8. Equal volumes of substrate anobsampte were mixed and incubated 
^^#&ara^^nutBs, respectively iat25°C followed by addition of anequal volume of a col- 
l&g&fcf rea^sn* (Lg 3-5-dinftrosaJicyl?c acid is suspendedJftaO m! 2 N NaOH and 50 ml dis- 

I followed by *4 addition of 30.0sgil^^arfrate|a^jd«tfion to 100 ml) 
fforJS minutes followed by cooling in an ice-bath. The enzyme activity was de- 
sphotometrically «s; a standard curve. 

S^C^^*^- Bf^W was assayed using microcrystalline cellulose (AvicelFMC Corp.) as 
^B^ffflNSSW? GOD-PeridTeagent (Boehringer Mannheim^24Q2S>incfu^ 91 
t v " Sluoose standard. For the assay, 100 mg substrate; 2.0 mi 0i!5 M socHum acetate 
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buffer, pH 5.0 and 40 pJ 5% Na aidde was mixed and 0.5 ml of the sample added. The 
reaction mixture is incubated for 24 hours at 37°C followed by centrifugation. 200 pJ of the 
resufting supernatant is mixed wllh 5-0 ml GOD-Perid reagents and the mixture kept at 
room temperature for 40 minutes and the colour development measured spectropho- 
- , ,5 -toroeftrtcaily. 

^m^^^^SA phosphatase is based on enzymatic hydrolysis of p-nrtrophenyi phos- 
phate. In the reaction, p-nrtropheffiol and inorganic phosphate are generated. When sub- 
jected to alkaline conditions, p-nitrophenol is converted to a yellow complex that can be 

10 measured at 400-420 nm. For th^ assay, a mixture of 0.5 ml substrate solution and 0.5 m! 

r oti^ buffer ^prepared and 0.2 ml of sample is addedioliow^^^^ resul- 
ting mixture at37°C for 30 minutes. The reaction is stepped by the addition of NaOH and 
the absorbance at 420 nm detentuned after 10 minutes. 

15 -General protease activity was measured using azo casein as the substrate. One unit of 
proteas^acrivity is defined as the amount of enzyme that provides a *^Ei2s of 1.00 per 
^ s^ntrta at 30°G under defined conditions. For the assay-equal votumes of gel filtered 
:. : /-'idasal^|^bpH'^ and 5% azo cafcem at pH 6.7 is incubated in a30°C water bath for 
- exactty 30 minutes after which the reaction is stoppectby,adding t«5<mt>5% TGA while 
^^f^^^hN^ reaction tube is cooled in ice bath and centnfuged until a clear supernatant is 
:^5fi|rtSOTe^ One ml of the supernatant is^mixed with 2^irt 4 NaOH and the extinction 
/ ?8iea$ur$d spectrophotometry at 425 nm. 


fhe contents of milk clotting activity in the samples of fermentate subjected to low pH for 

!%|^^d^ckil 21 hours are summarised fa the below table 2.1 : 


I "aaSSfc-*, *v« ■ ~ -ess** 


TTatrfeaJ . MHIcdottinQ activity in samples of chvnK>sin-producinq Aspergillus niaer var. 
awamotf fermentate after 21 houfs of low dH treatment v 



I ' > Sample 

Milk doffing activity, 

- Residual milk dot- 



IMCU/ml 4 

- ting activity, % 


FUtrate of fermentate, pH 5.6 

158 

• 100 


Filtrate treated at pH 1 .8 

136 

86.1 


|^Bte4^at84at pH 1 .7 

138 

87.3 


|ftHrate4reate<iat pH 1 .6 

137 

86.7 
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As * 1 apgears from the above table, more than 85% of the milk dotting activity of chymosin 
was retained even at pH 1 .6. 

In the following tables, the results for residual enzymatic side activities are summarised: 


"Eatae 22. GAM activit y in samolesof chvmosin-oroducmQ AsDem&w&uaervar. awamori 
ferroentate after 21 hours of low m treatment 



* Sample 

GAM activity, U/mi 

Residual GAM ac- 
tivity, % 

Filtrate of fermentate, pH 5.6 


30,619 

100 

PPirapaecfapHl.s 


-4,020 

13.1 

RKraie treated at pH 1.7 


234 

0.8 

Hteate tr^tfed at pH 1.6 


0 

0 


Table 2:3. Peptidase activity in sd 

mples of chvmosin-DroducinCT AsoeiTBllus niemrvar 

%marffemahtate after 21 houte of low oH treatment 

■r>". 

Sample . ~ ~ 

Peptidase activity, 
U/ml 

Residual peptidase 
activity, % 

- Ftote-of fermentate, pH 5.6 

209 

100 



0.3 

0.1 


IHH»^§ifB^pH1.7 . J • 

• o 


»atetreatedatpH 1.6 

0 

0 

Tflbte2.4, Amylase activity in sarfople_s_j^divmosinH3rodudnQ^ 

^HnnfQfffefrntintate after 21 homte^of low oH treatmentr* - *- - . 

" • ^ - . - - , - -i. 


*^Strate*0Hi^ pH 5,6 


Sample 


fStrate treated at pH 1 .8 



pHf;7 


Filtrate treated at pH 1 .6 


Amylase activity, 
U/ml 


34 


0.11 


^0;04 


0.02 


-Residual amylase 
activity, % 


too 


0.05 


0.01 
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Table 2.5. Cellulase activity in sampl e s of chvmosin-orodurina Aspergillus niaer var. 
awamori f ermentate after 21 houte of low dH treatm ent 



Sample 

Peptidase activity, 
U/ml 

Residual peptidase 
activity, % 



-170 

; too 


Rttrate treated at pH 1 .8 

17.6 

10.3 

■v. 

Rrtrate treated at pH 1 ,7 \ 

15.0 

8.8 


FRtrate treated at pH 1 .6 

28.7 

16.9 


^atbfc 2Sfe. Phosphatase activity id samples of chvmosin-Dradnrinn A<*narnHhi* nfnory^r 


^iiwnoiJiermentate after 21 hou^s of low dH treatment , 




Phosphatase activ- 
ity, U/ml 

..Residual phospha- 
tase activity, % 


^teaie of ferrnentate, pH 5.6 

706 

100 

, ji ■ ■ " ' 

BKratefrealedatpH 1.8 

397 

56.2 


Filtrate treated at pH 1 .7 

401 

56.8 

' . '^^-a^s 


372 

52.7 


Table 2^7. Protease activity in sainoles of ohvmoarMjmdueim AiwrnUi,,* n^rvar 

•■a? .. . - 

awafnofffermentate after 21 houfe of low dH treatment 



r Sample 

ftf:\ :Xr 

Protease activity, . 
U/ml 

Residual protease 
activity, % 


Filtrate of fermentate, pH 5.6 

2 

100 

" "' '-'-V " r : f*?-¥&£ 

^^^^^^^o^tpH 1.8 . 

1 

50 


^fWrate^&eafeoTat pH 1 .7 ; 

0 



fFteattiHtoledratpH 1.6 

1 

50 


~ 13 ^^JSffe'*'!* 0 abov S 2.7 that, withtheexceptior* of acid phosphatase 

jf 5 i ac6vityv*ill the side activities being assayed were reduced by50% or more by subjecting 
f i^^^^f^rtaits^oa2A hours of treatment at pH valueftbelow 2U).itt1hirsarhe time, more 

-iB^lp^ft^p^^^^^ d^ng acti>Sty of chymosin was retained during; ^ 
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EXAMPLE 3 

Inactivation of enzymatic side activities in final ready-to-use rennet products by low 
pH treatment 

In thfe experiment, samples of the following commercial microbial and animal rennet 
products were subjected to pH 1 J7 for 2.5 hours and the GAM activity and the overall 
starch degrading activity was measured before and after that treatment 


10 The tested products were: Hanni^tse™195, a microbial coagulant produced by 
^O^^^^^ f^m, Hanniiase™ktOO, also a microbiaLtennetpioch^ 

^n^^^HY-MAX™, a bovine cHymosin produced by Aspergillus niger var. awamori, 
Modilase™ 195, a oxidised, thentiolabile coagulant derived from Rhizomucor miehei and 
i^l^S^^S^^ microbial coagi4ant produced by Cryphonectria parasitica. 


15 . 


The above products were tested for GAM activity usmg^the assay described in Example 1 
ami tor total starch degrading activity using an agar (Musion test The results erf as- 
^a^w^JncfcatBd as -h+ r + dr (+), where (+) indicates trace activity only observed 
after extended incubation. 


experimenter^ Summarised in the below iables;- ^ 



giaW^a^GAM activity in samotes of commercial rennet products before and after low pH 


C : S^|tmfint 


Rennet product 


GAM activity, U/ml 
beforeMow pH 
treatments 


GAMactivrty, U/ml 
after low pH treat- 
- ment ^, ; 


Residual GAM ac- 
tivity, % 


Hannilase™195 


292 


1.4 


0.7 



1254 


2.1- 


0.2 


14 


1,7 


12.1 


327 


1.4 


0.4 


46 


45-5 


Patent appficafion/029US1/CMi/LJs«)9-02-01i 


Tabte 3-2. General starch degrading activity in samples of commercial rennet products 
before and after low pH treatment 


Rennet product 

Amylasfe activity 
beforetow pH 
treatment 

Amyfase activity af - 
ter low pH treatment 

Residual amylase 
activity, % 

HannBase 1l «195 

-HH- 

(+) 

0 

Hannilase™2l00 

+++ 

(+) 

0 


not detectable 

not detectable 

0 

MocSlase™ 

+++ 

(+) 

0 


+*+' 

W 

0 


5 It can be concluded from the above results that subjecting commercial rennet products of 
microbial and animal origin to a treatment at pH less than 2.0 can reduce the level of GAM 
activity significantly and in any cafee by more than 50%,- and the treatment Inactivates the 

- ^etel^^ttdegradtng activity to fevels which are closeto belng undetectable by the used 


